the material into a circular low-earth orbit (LEO) at roughly 300 kilometers altitude (which requires a rocket velocity gain of some 8 km/s), and then to use an additional burn to move the material onto the desired deep-space path, whether to another orbit around the sun, to escape from the solar system, or to go into the sun. Such staging from LEO is the least-energy and probably the least-cost approach. An appropriately timed additional burn of some 3.4 km/s in LEO would place the payload at a radius of 0.85 AU from the sun six months later, and a further burn of 1.16 km/s will place the payload into a circular orbit of radius 0.85 AU, inclined 1° to the plane of the ecliptic. If one assumes a solid propellant of equivalent specific impulse (Isp) of 200 seconds (corresponding to an exhaust velocity of 2 km/s, instead of detailed computation using a real Isp of 270 seconds, which would then be reduced by reasonable mass fractions for structure, tanks, and engines), the combined velocity gain of these two last burns (4.51 km/s) would require a mass ratio of 9.5:1 between the rocket mass in LEO and the final inert payload in circular solar orbit.
The initial velocity gain to LEO of 8 km/s at an Isp of 200 seconds corresponds to a mass ratio of 55 from launch to LEO, which combined with the 9.5:1 means an overall mass ratio of 524:1. Thus, launching 10 kilograms of plutonium would mean an overall RV mass of 25 kilograms, a mass in LEO of 238 kilograms, and a launch mass of 13 metric tons.
Today, large payloads cost roughly $10,000/kg to launch to LEO. At this cost, launching the 238-kilogram payload to LEO would cost some $2.4 million, or about $240 per gram of plutonium. The launch costs for disposing of 100 tons of excess weapons plutonium in this way—not including any other costs, such as development and licensing—would come to $24 billion.
Thus, without any consideration of extra costs for development, licensing, rescue of the payload, or tracking and prompt retrieval of an aborted launch or reentry, one finds a cost that is truly out of sight in comparison even with building dedicated power reactors to consume the plutonium.
Can launch costs be reduced? Probably so. A variety of new launch concepts have been proposed in recent years; at one time the goal of development in the Strategic Defense Initiative (SDI) program was to reduce launch costs 100-fold compared to today's prices. For this mission, it may be that smaller rockets would turn out to be cheaper than large heavy-lift vehicles, because of the great miniaturization that is now possible, and the economies of scale in procuring many units of a single design, together-with the much reduced cost of development of a small rocket compared with a large one of comparable technology. If 10 kilograms of plutonium were launched on each rocket, some 10,000 launches would be required to dispose of 100 metric tons of military plutonium.
How low would launch costs have to go to make space launch competitive with reactor or vitrification options that would cost $2.5 billion or less? If oneet burn giving 16 km/s near the earth's surface will carry the rocket around the sun to 18.25 astronomical units, at which time a retro-fire of 2.26 km/s will allow the payload to drop radially into the sun. The total delta-V in this example is thus 18.26 km/s, rather than the 32 normally considered—not much morethat in tfi*> crtintirtn untiirmt cnrhant hv o far-tnr v v Jf,- this annlips tn rhp. linear range, for which KJ is nearlvng cost of lost revenue, and the utility that owns the reactor would have to be persuaded to allow its use for this purpose. This option, however, would have the significant advantage of providing two reactors and a fuel-fabrication facility on a single nuclear-weapons complex site. The time and cost for modifying and licensing WNP-2 might turn out to be lessummary of the
